The new 8.4m LBT adaptive secondary AO system, with its novel pyramid wavefront sensor, was used to produce very high Strehl ( 75% at 2.16µm) near infrared narrowband (Brγ: 2.16µm and [FeII] -2 -cluster was imaged at spatial resolutions of ∼ 0.050 ′′ (at 1.64µm). A combination of high spatial resolution and high S/N yielded relative binary positions to ∼ 0.5 mas accuracies. Including previous speckle data, we analyze a 15 year baseline of high-resolution observations of this cluster. We are now sensitive to relative proper motions of just ∼ 0.3 mas/yr (0.6 km/s at 450 pc) this is a ∼ 7× improvement in orbital velocity accuracy compared to previous efforts. We now detect clear orbital motions in the θ 1 Ori B 2 B 3 system of 4.9 ± 0.3 km/s and 7.2 ± 0.8 km/s in the θ 1 Ori A 1 A 2 system (with correlations of PA vs. time at > 99% confidence). All five members of the θ 1 Ori B system appear likely as a gravitationally bound "mini-cluster". The very lowest mass member of the θ 1 Ori B system (B 4 ; mass ∼ 0.2M ⊙ ) has, for the first time, a clearly detected motion (at 4.3 ± 2.0 km/s; correlation=99.7%) w.r.t B 1 . However, B 4 is most likely in an long-term unstable (non-hierarchical) orbit and may "soon" be ejected from this "mini-cluster". This "ejection" process could play a major role in the formation of low mass stars and brown dwarfs.
INTRODUCTION
The detailed formation of stars is still a poorly understood process. In particular, the formation mechanism of the lowest mass stars and brown dwarfs is uncertain. Detailed 3D (and N-body) simulations of star formation by Bate et al. (2002 Bate et al. ( , 2003 Bate et al. ( , 2009 Bate et al. ( , 2011 and Parker et al. (2011) all suggest that stellar embryos frequently form into "mini-clusters" which dynamically decay, "ejecting" the lowest mass members. Such theories can explain why there are far more field brown dwarfs (BD) compared to BD companions of solar type stars (McCarthy & Zuckerman 2004) or early M stars (Hinz et al. 2002) . Moreover, these theories which invoke some sort of dynamical decay (Durisen, Sterzik, & Pickett 2001) or ejection (Reipurth & Clarke 2001) suggest that there should be no wide (> 20 AU) very low mass (VLM; M tot < 0.185M ⊙ ) binary systems observed in the field (age ∼ 5 Gyr). Indeed, the AO surveys of Close et al. (2003a) and the HST surveys of Reid et al. (2001a) ; Burgasser et al. (2003) ; Bouy et al. (2003) ; Gizis et al. (2003) have not discovered more then a few wide (> 16 AU) VLM systems of the systems in the field population (for a review see Burgasser et al. (2007) ). Additionally, the dynamical biasing towards the ejection of the lowest mass members naturally suggests that the frequency of field VLM binaries should be much lower ( 5% for M tot ∼ 0.16M ⊙ ) than for more massive binaries (∼ 60% for M tot ∼ 1M ⊙ ). Indeed, observations suggest that the binarity of VLM systems with M tot 0.185M ⊙ is 10 − 15% (Close et al. 2003a; Burgasser et al. 2003 Burgasser et al. , 2007 which, although higher than predicted is still lower than that of the ∼ 60% of G star binaries Duquennoy & Mayor (1991) . However has is noted in Close et al. (2007) there is evidence that in young clusters wide VLM binaries are much more common than in the old field population. They attribute this to observing these wide VLM systems before they are destroyed by encounters in their natal clusters. Hence, we need to look at nearby young clusters to see these low-mass objects before ejection has occurred.
Despite the success of these decay or ejection scenarios in predicting the observed properties of low mass VLM stars and binaries , it is still not clear that "mini-clusters" even exist in the early stages of star formation. To better understand whether such "mini-clusters" do exist we have examined the closest major OB star formation cluster for signs of such "miniclusters". Here we focus on the θ 1 Ori stars in the famous Orion Trapezium cluster. Trying to determine if some of the tight star groups in the Trapezium cluster are gravitationally bound is a first step to determining if bound "mini-clusters" exist. Also it is important to understand the true number of real, physical, binaries in this cluster, as there is evidence that the overall number of binaries is lower (at least for the lower mass members) in the dense trapezium cluster compared to the lower density young associations like Taurus-Auriga (McCaughrean 2000; Kohler et al. 2006) . In particular, we will examine the case of the θ 1 Ori A and B groups in detail.
The Trapezium OB stars (θ 1 Ori A, B, C, D, and E) consists of the most massive OB stars located at the center of the Orion Nebula star formation cluster (for a review see Genzel & Stutzki (1989) ). Due to the nearby and luminous nature of these stars they have been the target of several high-resolution imaging studies. Utilizing only tip-tilt compensation McCaughrean & Stauffer (1994) mapped the region at K ′ from the 3.5-m Calar Alto telescope. They noted that θ 1 Ori B was really composed of 2 components (B 1 & B 2 ) about ∼ 1 ′′ apart. Higher ∼ 0.15 ′′ resolutions were obtained from the same telescope by Petr et al. (1998) with speckle holographic observations. At these higher resolutions Petr et al. (1998) discovered that θ 1 Ori B 2 was really itself a 0.1 ′′ system (B 2 & B 3 ) and that θ 1 Ori A was really a ∼ 0.2 ′′ binary (A 1 & A 2 ). A large AO survey of the inner 6 square arcminutes was carried out by Simon, Close, & Beck (1999) , who discovered a very faint (100 times fainter than B 1 ) object (B 4 ) located just 0.6 ′′ between B 1 and B 2 . Moreover, a spectroscopic survey (Abt, Wang, & Cardona 1991) showed that B 1 was really an eclipsing spectroscopic binary (B 1 & B 5 ; sep. 0.13 AU; period 6.47 days). As well, θ 1 Ori A 1 was also found to be a spectroscopic binary (A 1 & A 3 ; sep. 1 AU; Bossi et al. (1989) ). Weigelt et al. (1999) carried out bispectrum speckle interferometric observations at the larger Russian SAO 6-m telescope (2 runs in 1997 and 1998). These observations showed θ 1 Ori C was a very tight 0.033 ′′ binary.
These observations also provided the first set of accurate relative positions for these stars. Schertl et al. (2003) has continued to monitor this cluster of stars and detected an orbital motion (of ∆P A ∼ 6 • for θ 1 Ori A 2 around A 1 and a ∆P A of ∼ 8
• for θ 1 Ori B 3 around B 2 over a 5.5 yr baseline). Close et al. (2003c) utilized the Gemini telescope (with the Hokupa'a AO system) and then observed θ 1 Ori B during commissioning of the first adaptive secondary deformable mirror at the 6.5-m MMT telescope. This extended the baseline by 2 years. Now during the science verification of the world's first "next generation" adaptive secondary mirror with the LBT AO System the full Trapezium cluster was observed again with excellent performance (K Strehl 75%). Now we have over 14 years of observations of this field with at < 0.08 ′′ resolutions.
In this paper we outline how these LBT observations were carried out with the relatively new PISCES camera and LBT AO system (FLAO). We detail how these data were calibrated and reduced and how the stellar positions were measured. We fit the observed positions to calculate velocities (or upper limits) for the θ 1 Ori B & A stars. While Schertl et al. (2003) and Close et al. (2003c) had hints that the θ 1 Ori B group may be a bound "mini-cluster" -we show it is clearly so, with the first detection of orbital motion of the lowest mass member.
INSTRUMENTAL SET-UP
We utilized the LBT adaptive secondary AO system to obtain the most recent highestresolution (unsaturated) images of the young stars in the Trapezium cluster (the θ 1 Ori group). This is not a simple task, since as telescopes have increased in size and (with AO) Strehl, so now the bright stars tend to saturate -in even the shortest exposures. Hence, special precautions are needed to avoid saturation of the bright Trapezium stars themselves. It is now almost impossible to make unsaturated, but diffraction-limited, images of the bright Trapezium stars with modern 8m class AO systems at high Strehl. Witness the fact that this is the first such dataset published in 9 years. Hence this dataset is unusually important. The next subsections outline how this was accomplished.
The LBT AO System
The 8.4m LBT telescope has a unique "first light adaptive optics" (FLAO) system. To reduce the aberrations caused by atmospheric turbulence all AO systems have a deformable mirror which is updated in shape at ∼ 500 Hz. Except for the MMTAO system (Wildi et al. 2003a; Hinz et al. 2010) , all adaptive optics systems have located this deformable mirror (DM) at a re-imaged pupil (effectively a compressed image of the primary mirror). To reimage the pupil onto a DM typically requires 6-8 warm additional optical surfaces, which significantly increases the thermal background and decreases the optical throughput of the system (Lloyd-Hart 2000) . However, the LBT utilizes a next generation adaptive secondary DM. This DM is both the secondary mirror of the telescope and the DM of the AO system (like with MMTAO). In this manner there are no additional optics required in front of the science camera. Hence the emissivity is lower. The LBT's DM is a much more advanced "second generation" adaptive secondary mirror (ASM), which enables the highest on-sky Strehl (> 80% at H band) of any 8-10m telescope today (Esposito et al. 2011 ).
The LBT ASM consists of 672 voice coil actuators that push (or pull) on 672 small magnets glued to the backsurface of a thin (1.6 mm), 0.911 m aspheric ellipsoidal Zerodur glass "shell" (for a detailed review of the secondary mirror see Esposito et al. (2010a Esposito et al. ( , 2011 ). We have complete positional control of the surface of this reflective shell by use of a 70kHz capacitive sensor feedback loop. This positional feedback loop allows one to position an actuator of the shell to within ∼ 5 nm rms (total wavefront surface errors amount to only ∼ 50 nm rms over the whole secondary). The AO system samples (and drives the ASM) at 990 Hz using 400 active controlled modes (with 672 actuators) on bright stars (R¡8 mag).
The wavefront slopes are measured with the very accurate (and well calibrated, with low aliasing error) Pyramid Wavefront sensor (PWFS). This is the first large telescope to use a PWFS. The performance of the FLAO PWFS is excellent. The uniquely low residual wavefront errors obtained by the PWFS + ASM combination is due, in part, to the very accurate (high S/N) interaction matrix that can be obtained in closed-loop daytime calibrations with a retro-reflecting optic that takes advantage of the Gregorian (concave) nature of the secondary. To guarantee strict "on-sky" compliance with the "daytime calibrated" interaction matrix pupil/ASM/PWFS geometry the PWFS utilizes a novel "closed-loop pupil alignment system" that maintains the pupil alignment to < 2.5µm during all closed-loop operations on bright stars (like our Trapezium guide stars). For a detailed review of the LBT FLAO AO system see Esposito et al. (2011) and references within.
The LBT AO Observations
During LBT science verification (the last AO commissioning run of the first LBT ASM) we observed the θ 1 Ori B and C fields on the night of Oct 16, 2011 (UT). The AO system corrected the lowest 400 system modes and was updated at 990 Hz. Without AO correction our images had FWHM=∼ 0.5 ′′ at [FeII] , after AO correction our final 10 min image achieved FWHM=0.050 ′′ (close to the diffraction limit of 0.041 ′′ at [FeII] (1.644 µm)).
The PISCES NIR Camera
These observations utilized the first light AO science camera, PISCES, which has been modified for the LBT AO system. PISCES has a 1024x1024 1-2.5 µm HAWAII array. Here we used the narrowband Brγ (2.16 µm) and [FeII] (1.644 µm) filters to minimize saturation on the array. We also utilized a warm 25 mm dia. neutral density filter (ND2: with 1% transmission) which was custom mounted by flexible adhesive strips on the PISCES dewar within a few mm of the f/15 focal plane of the ASM. Since the high quality flat ND2 was nearly in the warm first focal plane (in front of the PISCES dewar window) it cannot significantly alter, or distort, the platescale or optical quality of PISCES.
The PISCES focal plane platescales were calibrated by the astrometry of seven single (relatively faint) stars 2 from 3.4 − 8.5 ′′ from θ 1 Ori C (see sections 3 and 4 for more details about how the images were first distortion corrected and combined etc.). We note here that we only used the data where θ 1 Ori C was the guide star for the platescale calibration. The 3 dither frames that used this guide star were all taken within 20 min of each other, and so the PA angle is assumed to be fixed for all exposures.
The positions (found by IRAF allstar PSF fitting) of these seven stars from our LBT AO images were compared to unsaturated HST ACS WCS astrometry from the publicly available archived data of Ricci et al. (2007) . Platescales and rms errors were then determined for the Brγ and [FeII] filters with the IRAF geomap task. The geomap task found 0.019350 ± 0.000047 ′′ /pix Brγ platescale (providing a 19.8 × 19.8 ′′ FOV). At [FeII] the platescale was slightly finer at 0.019274 ± 0.000036 ′′ /pix. For PISCES it is well known that, due to a slight focus change, the bluer wavelengths have a slightly finer platescale.
The steps used to align the Y axis of the PISCES images (which were all taken with the rotator following) it was first necessary to flip the image about the X axis. Then each image was rotated (with the IRAF rotate task) by the fixed PA+90 of the rotator (POSANGLE FITS keyword value +90 degrees). All 3 rotated images were then combined. At this point it was found by geomap in the Brγ image that the direction of North was slightly (0.898
East of PISCES's Y axis compared to the HST image. Hence a final rotation of −0.898
• was applied to the final image. At [FeII] this additional rotation was a very similar −0.959
• value. The rms uncertainty adopted for the LBT rotator angle is estimated as ∼ 0.3
• which dominates the small 0.062
• error between the two geomap solutions. We conclude that most of the ∼ 0.3
• is due to systematic errors in the distortion corrections.
The camera was mounted under a high optical quality dichroic which sent the visible light (0.5-1 µm) to the 30x30 subaperture Pyramid wavefront sensor (PWFS; Esposito et al. (2010b) ). The PWFS communicates with the the ASM mirror (which has 672 actuators, but ∼ 20 where not operational on this run, with no real loss in performance). The infrared light (λ > 1µm) was transmitted through the dichroic to PISCES.
OBSERVATIONS & REDUCTIONS
For the θ 1 Ori C field we locked the AO system (at 990Hz, 400 modes) on the bright O5pv star θ 1 Ori C (V=5.13 mag) and dithered over 3 positions on the PISCES array with a short set of 10x0.8 second unsaturated exposures (save C1 which at H=4.48 saturated even in [FeII] with the ND2). Immediately following the unsaturated exposures a set of 10x20 second exposures were obtained at each dither position. This whole procedure was repeated with in Brγ with slightly different dithers. Hence for a few sources on the edges of the frames there is only photometry in one filter. However, when reduced both filter images covered an area of ∼ 31 × 24 ′′ centered on θ 1 Ori C. We note that θ 1 Ori C is really a ∼ 0.04" binary composed of C1 and C2, (see Kraus et al. (2007) for more details). Due to the very red nature of the Trapezium sources we only needed half the number of images at Brγ compared to [FeII] . Hence we obtained 3x5x0.8 second unsaturated exposures and 3x5x20 second deeper exposures at Brγ.
Then the AO system was locked on the nearby star θ 1 Ori B1 (V=7.96 mag) and was dithered over a similar sized area to produce a set of 3x10x0.8 s unsaturated images [FeII] images followed by 3x10x20 s deeper images at [FeII] . Again half that data was obtained at Brγ (3x5x0.8 s and 3x5x20 s). The final image in the θ 1 Ori B field spanned ∼ 31 × 24
Before the images were combined each image was first corrected with PISCES appropriate values for the corquad "overshoot" program 3 . Then they were distortion "pincushion" corrected with the cubic distortion solution for PISCES from a pinhole array mask 4 and the IRAF drizzle task. At this point the individual frames could be reduced in a normal manner. We used our custom AO image reduction script of Close et al. (2003a) to flat field, sky subtract, cross-correlate, and median combine each image. The final deep images of the C and B fields had a total exposure time of 10 min in the overlap region in the [FeII] images and 5 min in the Brγ images. The unsaturated images had total exposure times of 24 s and 12 s in [FeII] and Brγ respectively. Each of these reduced images were then flipped in X, rotated by POSANGLE+90 degrees, and corrected by -0.9 degrees -as described above to match the HST ACS astrometry with geomap to that of Ricci et al. (2007) . Hence North is up and East is to the left in each of the final images.
While all astrometry and photometry was performed on these individual fields (on unsaturated images), the last step was combining these two C and B fields into a single large image of the entire Trapezium. The final images (see Figs. 1 and 2) have a size of ∼ 41×53
′′ . This image is the largest AO image obtained by the LBT to date.
ASTROMETRY & PHOTOMETRY
All eight reduced images (the C and B fields at both [FeII] and Brγ at both long and short exposures) were analyzed with the DAOPHOT PSF fitting task allstar (Stetson 1987) . The photometry and astrometry are summarized in Table 1 . The columns of Table 1 are self explanatory. We note that the zeropoints for the [FeII] and Brγ photometry were arbitrary as these are narrow band filters. However, it is clear that the ∆ magnitudes at [FeII] seem to closely track the true ∆H magnitudes, since these sources are mainly continuum at 1.64µm. However, these sources are all accreting and have excess emission at Brγ. Hence, the [FeII]-Brγ color given in the last column of Table 1 is largest for objects that have very active accretion and/or a high level of circumstellar absorption.
Note in the the deep Brγ image, well known "tails" of emission point away from θ 1 Ori C, and are highlighted by blue rectangles in Fig. 3 and in the comments column of Table  1 . Also each tight binary is called out in the table as well as each member of the bright Trapezium stars themselves. All the tight (< 0.5 ′′ ) binaries have additional details in Table  3 .
We minimized the small anisoplanatic PSF radial fitting errors in table 1 by using a spatially variable PSF in the DAOPHOT psf task. The most heavily weighted PSF star used was unsaturated θ 1 Ori B 1 itself. Since all the members of the θ 1 Ori B group are located within 1 ′′ of θ 1 Ori B 1 the PSF fit is particularly excellent there (there is no detectable change in PSF morphology due to anisoplanatic effects inside the θ 1 Ori B group (Diolaiti et al. 2000) ). Moreover, the residuals over the whole field were less than a few % after PSF subtraction. This is not really surprising given the quality of the night combined with the fact that no star was further than ∼ 8 ′′ from the guide star. However, to minimize this affect, we only used the longer wavelength Brγ astrometry in Table 1 where anisoplanatic PSF effects were much less significant.
The relative positional accuracy is an excellent ∼ 0.5 mas for the bright binaries that are tighter than 0.2 ′′ , but the absolute RA and DEC positions given in Table 1 are typically only good to 0.1 ′′ due to the 0.25% uncertainty in the platescale for this new instrument.
We can also compare our LBT data to older (somewhat less accurate) images of the Trapezium B stars from Close et al. (2003c) who used AO images from Gemini and the 6.5m MMT and speckle images from the literature (Schertl et al. 2003) . Even though these individual observations are of lower quality and Strehl than the LBT ones (compare Figs. 4 and 5 to that of the LBT in Fig. 6 ), the 15 years between these observations and those of the LBT can highlight even very small orbital motions of bound systems in the Trapezium. It also shows the very significant improvement in high Strehl AO now possible with Pyramid wavefront sensors and next generation adaptive secondary mirrors (ASMs).
A test to see how accurate our astrometry is over the last 15 years is to look at the separation and PA of B1 vs. B2. The scatter of the θ 1 Ori B 1 B 2 separation (which should be very close to a constant since the B 1 B 2 system has an orbital period of 4000 yr) will highlight systematic errors. The lack of any motion between B 1 and B 2 is also confirmed by Schertl et al. (2003) and Close et al. (2003c) . Our detailed LBT and past data on the B and A groups from the literature is summarized in Table 2 . Linear (weighted) fits to the data in Table 2 (Figures 7 to 14) yield the velocities shown in Table 2 . The overall error in the relative proper motions observed is now 0.5 mas/yr in proper motion ( 1 km/s).
ANALYSIS & DISCUSSION
With these accuracies it is now possible to determine whether these stars in the θ 1 Ori B group are bound together, or merely chance projections in this very crowded region. We adopt the masses of each star from the Siess Forestini & Dougados (1997); Bernasconi & Maeder (1996) tracks fit by Weigelt et al. (1999) where we find masses of:
and A 3 ∼ 2.6M ⊙ . Based on these masses (which are similar to those adopted by Schertl et al. (2003) ) we can comment on whether the observed motions are less than the escape velocities expected for simple face-on circular orbits.
Our combination of high spatial resolution and high signal to noise shows that there is no detectable motion in the B 1 B 2 system over the last 15 years (as we would expect if the true separation is 900 AU)). But we have observed clear orbital motion (at 4.9 ± 0.3 km/s) in the very tight θ 1 Ori B 2 B 3 system in PA (see Figure 10 ). Also we see clear orbital motion (consistent with curvature) of 7.2±0.8 km/s in the θ 1 Ori A 1 A 2 system (see Figs. 11 and 12 ). We know this is likely orbital motion since both binaries have moved in an nearly circular arc of ∆P A ∼ 15
• over the last 15 years with almost no change in the separation between components, hence it appears (at least with the limited amount of observed orbital phase) that both of these binaries are consistent with roughly circular, close to face-on, orbits.
Is the θ
1 Ori B 2 B 3 System Physical?
The relative velocity in the θ 1 Ori B 2 B 3 system (in the plane of the sky) is now more accurate by ∼ 7× compared to that of Close et al. (2003c) . Our new velocity of 4.9 ± 0.3 km/s is consistent, but with much lower errors, with the ∼ 4.2 ± 2.1 km/s of Close et al. (2003c) (this velocity is in the azimuthal direction; see Figure 10 ). This is a reasonable V tan since an orbital velocity of ∼ 6.7 km/s is expected from a face-on circular orbit from a ∼ 5.5M ⊙ binary system like θ 1 Ori B 2 B 3 with a 51 AU projected separation (implying an orbital period of order ∼ 200 yr). It is worth noting that this velocity is also greater than the ∼ 3 km/s Hillenbrand & Hartmann (1998) dispersion velocity of the cluster. Hence it is most likely that these two K ′ = 7.6 and K ′ = 8.6 stars (separated by just 0.115 ′′ ) are indeed in orbit around each other. Moreover, there are only 10 stars known to have K ′ < 8.6 in the inner 30 × 30 ′′ (see Figure 2) , we can estimate that the chances of finding two bright (K ′ < 8.6) stars within 0.115 ′′ is a small < 10 −4 probability.
Our observed velocity of 1.15 ± 0.07 • /yr is consistent (in both direction and magnitude) with the 1.4
• /yr observed by Schertl et al. (2003) and the 0.93 ± 0.49 • /yr of Close et al. (2003c) . This suggests that the AO and speckle datasets are both detecting real motion, but the addition of the LBT dataset has reduced the errors by ∼ 7×. Moreover, since this motion is primarily azimuthal strongly suggests an orbital arc of B 3 orbiting B 2 .
We observe 7.2 ± 0.8 km/s of relative motion in the θ 1 Ori A 1 A 2 system (mainly in the azimuthal direction; see Figure 12 ). This is higher than the average dispersion velocity of ∼ 3 km/s yet well below an estimated escape velocity of the ∼ 20M ⊙ A 1 A 2 system (projected separation of 94 AU). Hence it is highly likely that these two K ′ = 6.0 and K ′ = 7.6 stars (separated by just 0.193 ′′ ) are indeed in orbit around each other. In addition, there are only 8 stars known to have K ′ < 7.6 in the inner 30 × 30 ′′ (see Figure 2) , we can estimate that the chances of finding two bright (K ′ < 8.6) stars within 0.19 ′′ is a small < 4 × 10 −4 probability.
Our observed velocity of 7.2 ± 0.8 km/s is much more accurate (and lower) than the 16.5 ± 5.7 km/s found by Close et al. (2003c) . Our new value is consistent (in both direction and magnitude) with the ∼ 10.3 km/s observed by Schertl et al. (2003) . This again suggests that the AO and speckle datasets are both detecting real motion of A 2 orbiting A 1 .
Is the θ 1 Ori B Group Stable?
The pair B 1 B 5 is moving at a low 1 km/s in the plane of the sky w.r.t. to the pair B 2 B 3 where the escape velocity V esc ∼ 6 km/s for this system. Hence these pairs are very likely gravitationally bound together. However, radial velocity measurements will be required to be absolutely sure that these 2 pairs are truly bound together.
Is the Orbit of θ
The situation is somewhat different for the faintest component of the group, B 4 . It has K = 11.66 mag which according to Hillenbrand & Carpenter (2000) suggests a mass of only ∼ 0.2 M ⊙ . Since there are only 20 stars known to have K < 11.66 in the inner 30 ′′ (see Fig. 6 ), we can estimate that the chances of finding a K < 11.66 star within 0.6 ′′ of B 1 is a small < 8 ×10 −3 probability. The two AO measurements of Close et al. (2003c) (and the one speckle detection of Schertl et al. (2003) ) did not detect a significant velocity of B 4 w.r.t. B 1 : 2 ± 11 km/s. However, our much better data and timeline has shed some light on the question of B4 orbiting B1. As is clear from Figures 13 & 14 , the there appears to be a real velocity of 4.3 ± 2.0 km/s detected. This is greater than the random velocity of the cluster yet below the escape velocity of ∼ 6 km/s, this points towards B 4 being gravitationally bound member of the θ 1 Ori B group. This is the first time we can say that the lowest mass member of the B group is likely bound.
On the other hand, its very low mass and its projected location w.r.t. to the other four groups members makes it highly unlikely that B 4 is on a long-term stable orbit within the group. As we will discuss in the next section even the much more massive B 3 may not be stable in the long-term. . Thus the stability of the B 2 B 3 orbit needs a more detailed analysis since it is possible that B 3 may be ejected in the future. Eggelton & Kiseleva (1995) have given an empirical criterion for the long-term stability of the orbits of hierarchical triple systems, based on the results of their extensive model calculations Eggelton & Kiseleva 1995) . Their analytic stability criterion is good to about ±20%, and is meant to indicate stability for another 10 2 orbits. Given the uncertainties of the masses of the members of the B group, this accuracy is sufficient for our present discussion.
Is the orbit of B
The orbital period of the two binaries w.r.t. each other is P (15)/(23) ∼ 1920 yrs, while the orbital period of B 3 w.r.t B 2 amounts to P 2/3 ∼ 160 yrs. For the calculation of both periods, we have assumed the masses as given above, and circular orbits in the plane of the sky. This leads to a period ratio X = P (15)/(23) /P 2/3 ∼ 12. Eggelton & Kiseleva's stability criterion requires X ≥ X crit = 10.08 for the masses in the B group. This means that within the accuracy limits of our investigation, the binary B 2 B 3 is just at the limit of stability. The stability criterion depends also on the orbits' eccentricities. In our case, already mild eccentricities of the order of e ∼ 0.1 (as can be expected to develop in hierarchical triple systems; see, e.g., Georgakarakos 2002), make the B group unstable. While we cannot decide yet whether the pair B 2 B 3 orbit each other in a stable way, it is safe to say that that the "triple" B 1 B 5 , B 2 , and B 3 is not a simple, stable hierarchical triple system.
The θ 1 Ori B system seems to be a good example of a highly dynamic star formation "mini-cluster" which might in the future eject the lowest-mass member(s) through dynamical decay (Durisen, Sterzik, & Pickett 2001) , and breaking up the gravitational binding of the widest of the close binaries (the B 2 B 3 system). The "ejection" of the lowest-mass member of a formation "mini-cluster" could play a major role in the formation of low mass stars and brown dwarfs (Reid et al. 2001a; Bate et al. 2002; Durisen, Sterzik, & Pickett 2001; Close et al. 2003a ). The breaking up of binaries, of course, modifies the binary fraction of main sequence stars considerably as well.
FUTURE OBSERVATIONS
Future observations are required to see, if indeed, these stars continue to follow orbital arcs around each other proving that they are interacting with one another. In addition, future observations of the θ 1 Ori B 4 positions would help deduce if it is on a marginally stable orbit given its "non-hierarchical" location in the B group.
Future observations should also try to determine the radial velocities of these stars. Once radial velocities are known one can calculate the full space velocities of these stars. Such observations will require both very high spatial and spectral resolutions. This might be possible with such instruments like the AO fed ARIES echelle instrument at the MMT.
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b these low ∆K values are possibly due to θ 1 Ori B 1 being in eclipse during the 11/03/98 observations of Weigelt et al. (1999) .
c speckle observations of Schertl et al. (2003) .
d speckle observations of Petr et al. (1998) . 
Fig. 1.-The θ 1 Ori cluster as imaged over ∼ 41 × 53 ′′ FOV at LBT with the LBT AO and PISCES in Brγ. Logarithmic color scale. North is up and east is left. Note that the "rings" around the stars are limit of the ASM's control radius r c = λ/2d ∼ 0.8 ′′ (where the space between AO actuators maps to roughly d∼ 0.27m on the LBT primary). Inside this control radius the FLAO system can "carve out" the PSF to reveal faint companions. This is the first image ever obtained which shows a field of multiple stars each with a "dark ring" in its PSF. Each pixel is 19.35 mas, see Table 1 for a complete list of the photometry and astrometry for this field. North is up, East to the left, and the X Y grid is in pixels -corresponding to the pixel values listed in Table 1 . Hence this figure's XY grid can be used to located any object from its (X,Y) coordinates in Table 1 Fig. 2.-The locations and nomenclature of Close et al. (2003c) of the θ 1 Ori Trapezium stars as imaged over ∼ 35 × 30 ′′ FOV at LBT with LBTAO/PISCES in [FeII] . Logarithmic color scale. North is up and east is left. Note that the object "A 1 " is really a spectroscopic binary (A 1 A 3 ) ; where the unseen companion A 3 is separated from A 1 by 1 AU (Bossi et al. 1989) . The B group is shown in more detail in Figs. 4 -6. It is not currently clear if D2 is physically related to D1. E1 appears to be a single star. No new faint companions were discovered (at > 5σ) around any of the Trapezium stars down to brown dwarf masses (Brγ < 16.0 which converts to K < 14 mag) at separations 0.1 ′′ . Fig. 3 .-The center of θ 1 Ori C as imaged over 25×20 ′′ FOV at LBT with LBTAO/PISCES in Brγ. Logarithmic color scale. North is up and east is left. Note the blue squares have Brγ "tails" away from C, and the circle is around a very red Brγ object that is much brighter at Brγ than [FeII] or H band. 1 Ori B 1 and B 2 . Note how over 15 years of observation there has been little significant relative proper motion observed (-0.27±0.33 mas/yr; which is a significant correlation only at 84% level). If the group is gravitationally bound the separation change could be this low. The first 2 data points are speckle observations from the 6-m SAO telescope (Weigelt et al. 1999) , the next point is from Gemini/Hokupa'a observations Close et al. (2003c) and the next data point is from the MMT AO observations Close et al. (2003c) , and the last from the LBT. 1 Ori B 1 and B 2 . Note how over 15 years of observation there has been no significant relative PA motion observed (0.014±0.048
• /yr which is insignificantly different from zero velocity). The epochs of the data are the same as in Fig. 7 . Here we observe real orbital motion of B 3 moving counter-clockwise (at 1.15±0.07
• /yr; correlation significant at the 99.9% level) around B 2 . This small amount of motion is consistant with the B 2 B 3 system being bound. The epochs of the data are the same as in Fig. 7 . There is a small negative change in the orbital separation (−1.4 ± 0.22 mas/yr; correlation 94%) as A 2 moves towards A 1 . The first data point is from speckle observations at the 3.5-m Calar Alto telescope (Petr et al. 1998) , the next point is from a speckle observation from the 6-m SAO telescope (Weigelt et al. 1999) , the next point is from the Gemini/Hokupa'a observation of Close et al. (2003c) , and the last point is from our LBT observations. There is significant (linear correlation=99%) change in the position angle as A 2 moves counter clockwise (at 0.92±0.07
• /yr) around A 1 . This relatively large motion is consistent with the A 1 A 2 system being bound. The first data point is from speckle observations at the 3.5-m Calar Alto telescope (Petr et al. 1998) , the next point is from a speckle observation from the 6-m SAO telescope (Weigelt et al. 1999) , the next point is from the Gemini/Hokupa'a observations of Close et al. (2003c) and the last point is from our LBT observations. 1 Ori B 1 and B 4 . Note how over 12 years of observation there been only now significant relative proper motion observed (0.53±0.24 mas/yr; correlation 91%). If the low mass star B 4 is gravitationally bound to the B group the B 1 B 4 separation should be roughly changing at a rate of this order. The first data point is an speckle observation from the 6-m SAO telescope (Schertl et al. 2003) , the next is from the Gemini/Hokupa'a observation Close et al. (2003c) and the next data point is from the MMT AO observation Close et al. (2003c) and the last is from the LBT. • /yr; correlation 99.7%). The sources of the data is the same as in Fig. 13 .
